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1. FOREWORD 

Hal ley 's  comet  i s  coming b a c k  i n  e a r l y  1986 a f t e r  t h e  

l a p s e  o f  76 years .  A p r o j e c t  t o  s e n d  a s a t e l l i t e  t o  t h e  comet 

and t a k e  p i c t u r e s  o f  t h e  comet f rom e x t r e m e l y  c l o s e  d i s tance  

i s  b e i n g  p l a n n e d  b y  N a t i o n a l  Space S c i e n c e  R e s e a r c h  C e n t e r .  

T h i s  p r o j e c t  i s  cal led t h e  PLANET-A s ince  t h i s  i s  t h e  f i r s t  

e n d e a v o r  of  t h e  i n t e r - p l a n e t  f l i g h t  p r o j e c t  i n  t h i s  c o u n t r y .  

I t  i s  assumed t h a t  p l a n e t s  and  comet s  a r e  made of  the 

same s u b s t a n c e s .  

Whi l e  t h e  p l a n e t s  h a v e  made c o n s i d e r a b l e  c h a n g e s  compared t o  

t h e i r  o r i g i n a l  s h a p e  and c o n d i t i o n  t h r o u g h  t h e i r  n a t u r a l  

e v o l u t i o n ,  comet s  h a v e  shown l i t t l e  o r  no c h a n g e s  b e c a u s e  (1) 

comets  h a v e  s p e n t  most  o f  t h e i r  time o u t s i d e  t h e  boundary  of 

t h e  s o l a r  s y s t e m ,  and  ( 2 )  t h e  r e l a t i v e l y  small  s i z e  of  t h e  

comet s  p r e v e n t s  t h e  g r a v i t y  from a f f e c t i n g  t h e  i n t e r i o r  

s t r u c t u r e  of t h e  comet s .  I n  a d d i t i o n ,  a s  t h e  comets  a p p r o a c h  

t h e  s u n ,  t h e  s u r f a c e  l aye r  of  t h e  comet s  i s  blown away ,  and  

t h e  o u t e r  l a y e r  i s  k e p t  r e l a t i v e l y  f r e s h  a t  aL1 times. Many 

o f  t h e s e  s h o r t  c y c l e d  corne ts ,  u n l e s s  t h e y  b e l o n g  t c  t h e  c l a s s  

of  t h e  s u p e r  c o m e t s ,  l o s e  v o l a t i l e  m a t t e r s  ana t u r n  i n a c t i v e  

as t h e y  come n e a r  t h e  s u n  r e p e a t e d l y .  Some o f  t h e  cornets 

which  b e l o n g  t o  t h e  c l a s s  o f  l o n g  c y c l e  can n o t  b e  o b s e r v e d  

b e c a u s e  t h e i r  o r b i t  c a n n o t  be e s t i m a t e d  i f  o n l y  one a p p e a r a n c e  

h a s  been r e c o r d e d  i n  h i s t o r y .  I t  i s  p o s s i b l e  t o  c a l c u l a t e  and 

e s t a b l i s h  a d e f i n i t i v e  o r b i t  f o r  H a l l e y ' s  comet u n l i k e  t h e  

t y p e  of  comets  t h a t  was mentioned above .  I n  a d d i t i o n ,  
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Hal l ey ' s  comet i s  a n  a c t i v e  comet  f u l l  o f  v o l a t i l e  matters. 

T h a t  i s  why t h i s  i s  a n  e x c e l l e n t  c h a n c e  t o  examine  t h e  comet.  

J a p a n  h a s  l a u n c h e d  a number o f  s c i e n t i f i c  s a t e l l i t e s  i n  

t h e  past .  

i n  r o c k e t r y  and d e s i g n  of p a y l o a d s .  Yet, t h i s  m i s s i o n  h a s  

added  p rob lems  - a need  t o  d e t e r m i n e  more a c c u r a t e  o r b i t  and  

the r e q u i r e m e n t  for e x t r e m e l y  l o n g  r a n g e  communica t ion .  T h i s  

essay c o n c e r n i n g  t h e  s u b j e c t  o f  H a l l e y ' s  comet e x p l o r a t i o n  

a t t e m p t s  t o  i n t r o d u c e  the g e n e r a l  o u t l i n e  o f  t h e  PLANET-A 

p r o j e c t  a s  w e l l  a s  moves b e i n g  made b y  o t h e r  n a t i o n s  i n  t h e  

w o r l d .  A t  t h e  same time, a l a r g e  a n t e n n a  which i s  b e i n g  b u i l t  

a t  Usuda-Cho i n  Nagano P r e f e c t u r e  i n  s u p p o r t  o f  t h e  PLANET-A 

p r o j e c t  w i l l  a l s o  be i n t r o d u c e d .  

I t  i s  u n d e r s t o o d  t h a t  J a p a n  h a s  a d e q u a t e  t e c h n o l o g y  

2 .  O R B I T  OF HALLEY'S COMET A N D  THE HISTORY O F  O B S E R V A T I O N  

G e n e r a l l y  s p e a k i n g ,  comets  a r e  named a f t e r  t h e  p e r s o n  who 

f i r s t  d i s c o v e r e d  them. Hal ley ' s  comet  i s  t h e  e x c e p t i o n .  I t  

was named a f t e r  t h e  B r i t i s h  a s t r o n o m e r  Edmond Halley (1656 - 

1 7 4 2 )  who p r e d i c t e d  t h e  r e t u r n  o f  the  comet a f t e r  d i s c o v e r i n g  

t h a t  t h e  movement o f  t h e  cornet was p e r i o d i c a l .  T h e  movement 

of  cornets f a s c i n a t e d  a s t r o n o m e r s  i n  t h o s e  d a y s .  F o r  examp le ,  

K e p l e r  s t a t e d  t h a t  t h e  comet  of 1607 ( i t  t u r n e d  o u t  t o  be 

t i a l l ey ' s  comet)  was making a l i n e a r  movement a f t e r  c a r e f u l  

o b s e r v a t i o n .  H a l l e y ,  Newton 's  c l o s e s t  f r i e n d ,  a p p l i e d  

Newton ' s  method i n  o r d e r  t o  e s t i m a t e  t h e  o r b i t  o f  2 4  comet s  
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which  were o b s e r v e d  w i t h  excel lent  r e s u l t s .  Among t h e s e  24 

c o m e t s ,  Halley c o n c l u d e d  t h a t  t h e  ones  o b s e r v e d  i n  1 5 3 1 ,  1607 

and  1682  were t h e  same comet .  Ha l l ey  went  one  s t e p  f u r t h e r  b y  

p r e d i c t i n g  t h a t  t h e  comet w o u l d c o m e  b a c k  i n  1758.  H i s  

p r e d i c t i o n  was proven  t o  be c o r r e c t  a f t e r  h i s  d e a t h .  The 

o r b i t  o f  comets  g r a d u a l l y  change a s  t h e y  come n e a r  p l a n e t s  

w i t h i n  t h e  s o l a r  s y s t e m  o r  b y  t h e  j e t  e f f e c t  of  g u s h i n g  gas .  

Through t h e  f o r m u l a t i o n  o f  a model of  t h e s e  e f f e c t s  and b y  

c o n d u c t i n g  a n  i n v e r s e  o p e r a t i o n ,  i t  i s  known a t  t h i s  t i m e  t h a t  

Ha l l ey ' s  comet which  was f i r s t  r e c o r d e d  i n  240 BC r e t u r n e d  

a p p r o x i m a t e l y  t h i r t y  times s o  far .  

Tab. 1 O r b i t a l  e l e m e n t  of Hal l ey ' s  comet  

P e r i h e l i o n  0.5871 All 

Ecce n t r  i c i  t y 

O r b i t a l  a n g l e  1 6 2 . 2 4  deg 

P e r i h e l i o n ,  a n g l e  111.85 " 

A n  a s c e n d i n g  node l o n g t i t u d e  58.15 " 

b a t e ,  p a s s i n g  p e r i h e l i o n  1986.  2. 4 

0.9673 

'Tab. 1 s h o w s  t h e  o r b i t a l  e l emen t  o f  t i a l l e y ' s  comet .  I t  

h a s  t h e  cyc le  of a p p r o x i m a t e l y  7 6  y e a r s .  I t s  p e r i h e l i o n  i s  

i n s i d e  t h e  o r b i t  o f  V e n u s ,  and i t s  a p h e l i o n  i s  o u t s i d e  t h e  

o r b i t  o f  Neptune .  'The o r b i t a l  a n g l e  i s  a p p r o x i m a t e l y  162  

d e g r e e s ,  which means t h a t  t h e  a n g l e  formed by t h e  o r b i t a l  

p l a n e  and t h e  p l a n e  of t h e  e c l i p t i c  i s  I 8  d e g r e e s ,  a 
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r e l a t i v e l y  h i g h  f i g u r e ,  and t h a t  t h e  d i r e c t i o n  o f  i t s  movement 

i s  o p p o s i t e  t o  t h a t  o f  p l a n e t s  w i t h i n  t h e  s o l a r  s y s t e m .  The  

above  f a c t s  p r o v i d e  t h e  Halley m i s s i o n  w i t h  t h e  f o l l o w i n g  

r e s t r i c t i o n s .  

(1) The  r e l a t i v e  speed  a t  t h e  time o f  t h e  m e e t i n g  

of t h e  p r o b e  and t h e  comet  becomes e x t r e m e l y  h i g h  (-70 Km/s). 

A c c o r d i n g l y ,  t h e  time t h a t  t h e  p r o b e . i s  a l l o w e d  t o  spend  i n  

t h e  v i c i n i t y  of  t h e  comet becomes s h o r t .  I n  a d d i t i o n ,  t h e  

q u e s t i o n  o f  how t o  p r o t e c t  t he  p r o b e  f rom t h e  d u s t  a n d  other 

p a r t i c l e s  when t h e  p robe  is  at t h e  p o s i t i o n  e x t r e m e l y  c l o s e  t o  

t h e  comet  must be s o l v e d .  

( 2 )  The  m e e t i n g  p o i n t  i s  l i m i t e d  t o  t h e  a s c e n d i n g  

node where t h e  comet g o e s  across t h e  p l a n e  o f  t h e  e c l i p t i c  and 

t h e  v i c i n i t y  of  t h e  d e s c e n d i n g  node.  O t h e r w i s e ,  t h e  o r b i t  o f  

t h e  p r o b e  must  be s e t  away from t h e  p l a n e  of t h e  e x l i p t i c  

r e q u i r i n g  t remendous e n e r g y  f o r  l a u n c h i n g  t h e  p r o b e .  T h i s  i s  

why m e e t i n g  time of  t h e  p r o b e s  from many n a t i o n s  i s  

c o n c e n t r a t e d  d u r i n g  t h e  ear ly  p a r t  o f  March 1486 when t h e  

comet moves a c r o s s  t h e  p l a n e  of  t h e  e c l i p t i c  f rom n o r t h  t o  

s o u t h .  

3 .  THE EXPLORATION PHOJECT OF HALLEY’S C0ME’l’ 

3 . 1  Response of  o t h e r  n a t i o n s  

A t  p r e s e n t ,  J a p a n  a s  well a s  ESA ( E u r o p e a n  S p a c e  

Agency) a n d  USSK a re  p l a n n i n g  t o  s e n d  a p robe  to e x p l o r e  
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4 . ,  

Halley 's  comet .  The p r o j e c t  o f  ESA i s  c a l l e d  G i o t t o ,  a s p i n  

s t a b i l i z e d  s a t e l l i t e .  B e s i d e s  t h e  p r o j e c t  o f  p h o t o  t a k i n g  

u s i n g  a camera, mass analysis  and  o t h e r  on s i t e  d a t a  g a t h e r i n g  

are p l a n n e d  i n  t h i s  p r o j e c t .  I t  i s  e x p e c t e d  t o  f l y  by t h e  

c o r e  of t h e  comet a t  t h e  d i s t a n c e  o f  500 K m .  I t s  l a u n c h i n g  i s  

s c h e d u l e d  i n  t h e  summer of  1985. 

s e n d  a n  o r b i t e r  and  a b a l l o o n  t o  Venus j o i n t l y  w i t h  F r a n c e .  

Later ,  t h e  o r i g i n a l  p l a n  was changed ,  a n d  a new p l a n  c a l l e d  

Venera-Halley was e s t a b l i s h e d .  T h i s  p r o j e c t  w i l l  be a s s i s t e d  

by  ea s t  and  west European s c i e n t i s t s  u n d e r  t h e  p r o j e c t  name 

I n t e r c o s m o s .  The p robe  i s  s t r u c t u r e d  u n d e r  t h e  t r i - a x e s  

c o n t r o l  s y s t e m .  The  r a t i o  of  r e m o t e l y  c o n t r o l l e d  d a t a  

g a t h e r i n g  and d i r e c t  d a t a  g a t h e r i n g  i s  s a i d  t o  b e  50 - 50. I t  

i s  e x p e c t e d  t o  f l y  by t h e  c o r e  o f  t h e  comet  a t  the d i s t a n c e  o f  

1 0 , 0 0 0  K m .  Two s e t s  of  p robes  a r e  l a u n c h e d  w i t h i n  1984 and  

head  toward t h e  comet v i a  Venus i n  J u n e  1985. The  time o f  the 

m e e t i n g  w i t h  t h e  comet b y  G i o t t o  a n d  Venera -Ha l l ey  i s  d u r i n g  

the e a r l y  p e r i o d  o f  March 1986 a s  e x p l a i n e d  above .  

USSR o r i g i n a l l y  p l a n n e d  t o  

Al though  U S A  i s  n o t  p l a n n i n g  t o  l a u n c h  a s a t e l l i t e  

e x c l u s i v e l y  f o r  t h e  e x p l o r a t i o n  o f  t h e  H a l l e y ' s  c o m e t ,  t h e  

NASA will u s e  ISEE-3 ( I n t e r n a t i o n a l  Sun  E a r t h  E x p l o r e r )  t o  

f i r s t  e x p i o r e  t h e  J a c o b i n i - Z i n n e r  comet by s h i f t i n g  t h e  

s a t e l l i t e  from t h e  p r e s e n t  s t a t i o n a r y  l o c a t i o n .  Then ,  t h e  

s a t e l l i t e  which i s  renamed t h e  I C E  ( I n t e r n a t i o n a l  Cometary 

E x p l o r e r )  w i l l  a p p r o a c h  t h e  H a l l e y ' s  comet  w i t h i n  t h e  d i s t a n c e  
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i . . 

o f  30 m i l l i o n  K m  i n  o r d e r  t o  g a t h e r  d a t a .  

J a p a n ' s  PLANET-A w i l l  be l aunched  o f f  U c h i n o u r a ,  

Kagoshima i n  Augus t  1985. A s  shown i n  F i g .  1,  i t  w i l l  go 

a r o u n d  t h e  sun  a b o u t  3 / 4  r e v o l u t i o n  b e f o r e  m e e t i n g  with 

t h e  comet  i n  e a r l y  March. I t s p r i m a r y  o b j e c t i v e  i s  t o  t a k e  

r e m o t e l y  c o n t r o l l e d  p i c t u r e s  of the comet  w i t h i n  t h e  

e n v i r o n m e n t  o f  vacuum u l t r a v i o l e t .  A c c o r d i n g l y ,  t h e r e  i s  no 

s t r o n g  need t o  come e x t r e m e l y  c l o s e  t o  t h e  comet .  I t  i s  

t e n t a t i v e l y  p l a n n e d  t o  l e t  t h e  p r o b e  f l y  b y  t h e  comet  a t  t h e  

d i s t a n c e  of a few hundred  thousand  K m .  

o f  t h e  PLANET-A, J a p a n  i s  p l a n n i n g  t o  l a u n c h  a t e s t  p r o b e  

MS-T5 f o r  t h e  p u r p o s e  of  r e h e a r s i n g  t h e  l a u n c h i n g  a s  well  a s  

o t h e r  p r o c e e d i n g .  I f  e v e r y t h i n g  g o e s  we l l ,  the  p r o b e  of  the 

MS-T5 w i l l  come w i t h i n  f i v e  m i l l i o n  K m  o f  t h e  comet i n  e a r l y  

Marcn a l o n g  w i t h  t h e  p r o b e  o f  t h e  PLANET-A. 

P r i o r  t o  t h e  l a u n c h i n g  

For  t h e  p u r p o s e  o f  b r i n g i n g  a b o u t  t h e  i n t e r n a t i o n a l  

c o o p e r a t i o n  and maximiz ing  t h e  e f f e c t i v e n e s s  of  t h e  

e x p l o r a t i o n  b y  e a c h  p a r t i c i p a t i n g  n a t i o n ,  a n  i n t e r n a t i o n a l  

o r g a n i z a t i o n  c a l l e d  IACG ( I n t e r - A g e n c y  C o n s u l t a t i v e  Group)  

c o n s i s t i n g  o f  N A S A ,  t < u s s i a n  Academy o f  S c i e n c e ,  ESA a n d  l S A S  

was formed.  I t  i s  e x p e c t e d  t o  i n s t i l l  i n t e r n a t i o n a l  

c o o p e r a t i o n  i n  c o o r d i n a t i o n  w i t h  IHW'  ( I n t e r n a t i o n a l  t i a l l e y  

W a t c h ) ,  an o r g a n i z a t i o n  t o  o b s e r v e  t h e  cornet f rom t h e  g round .  

3 . 2  General o u t l i n e  o f  MS-T5 a n d  PLANE'r-A 

P h o t o  1 s h o w s  t h e  e x t e r n a l  a p p e a r a n c e  o f  MS-T5. The 
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c y l i n d r i c a l  p r o b e  i s  0 .7  m h igh  and  1 . 4  m i n  d i a m e t e r .  An 

a n t e n n a ,  80 cm i n  d i a m e t e r ,  i s  set u p  f a c i n g  toward  t h e  f r o n t .  

The p r i m a r y  o b j e c t i v e  of MS-T5 i s  t o  i n s u r e  t h a t  the l a u n c h i n g  

o p e r a t i o n  g o e s  w i t h o u t  d i f f i c u l t y .  

a re  t o  r e h e a r s e  o t h e r  items such as  t h e  a t t i t u d e  c o n t r o l  

s y s t e m ,  o r b i t  c o n t r o l  s y s t e m .  .. e tc .  

I t s  s e c o n d a r y  o b j e c t i v e s  

The s t r u c t u r e  o f  t h e  p r o b e  o f  MS-T5 i s  i d e n t i c a l  t o  

t h a t  o f  PLANET-A e x c e p t  t h a t  some o f  t h e  d a t a  g a t h e r i n g  

i n s t r u m e n t s  are n o t  p r e s e n t  i n  MS-T5. The most  i m p o r t a n t  

i n s t r u m e n t  i n  PLANET-A i s  t h e  Liman Alpha  P h o t o g r a p h i c  

Equipment  which t a k e s  t h e  p i c t u r e s  o f  t h e  huge hydrogen  c l o u d  

s u r r o u n d i n g  t h e  H a l l e y ' s  comet w i t h i n  t h e  env i ronmen t  o f  

vacuum u l t r a v i o l e t .  

Tab. 2 d e s c r i b e s  t h e  s t r u c t u r a l  o r g a n i z a t i o n  o f  

MS-T5 a n d  PLANET-A.  A s  shown i n  Tab. 2 ,  MS-T5 a l s o  h a s  some 

s c i e n t i f i c  i n s t r u m e n t s  on board .  

o f  t h e  two p r o b e s  i s  t h e  s p i n  s t a b i l i z a t i o n  s y s t e m .  

'The a t t i t u d e  c o n t r o l  s y s t e m  

T r a c k i n g  of  t h e s e  p r o b e s  i s  done  by Usuda S p a c e  

O b s e r v a t i o n  P o s t  ( h e r e i n a f t e r  r e f e r r e d  t o  a s  Usuda s t a t i o n )  

e q u i p p e d  W i t h  a b 4  m e t e r  a n t e n n a .  A t  t h e  e a r l y  s t a g e  o f  

l a u n c h i n g ,  however ,  a ne twork  c o n s i s t i n s  o f  Kagoshima S p a c e  

O b s e r v a t o r y ,  K a t s u u r a  T r a c k i n g  S t a t i o n  o f  t h e  N a t i o n a l  S p a c e  

Development  Agency and  Usuda S t a t i o n  w i l l  j o i n t l y  c o n d u c t  t h e  

t r a c k i n g .  I n  a d d i t i o n ,  N A S A ' s  t r a c k i n ?  ne twork  h a s  been 

r e q u e s t e d  t o  p r o v i d e  some a s s i s t a n c e .  b-ig. 2 shows t h e  
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o v e r a l l  ne twork  of  t h e  t r a c k i n g .  

MS-TS a n d  COMET-A a re  c o n t r o l l e d  a c c o r d i n g  t o  t h e  

f o l l o w i n g  s c h e d u l e  a f t e r  l a u n c h .  As soon a s  these p r o b e s  

e n t e r  t h e  o r b i t  t o  e s c a p e  the e a r t h ' s  g r a v i t y ,  t h e y  e n t e r  

a p p r o x i m a t e l y  f i v e  h o u r s  of b l i n d  area ( f r o m  J a p a n ) .  Dur ing  

t h e  f i v e  b l i n d  h o u r s ,  g a s  jet i s  a u t o m a t i c a l l y  a c t i v a t e d  i n  

o r d e r  t o  r e d u c e  t h e  s p i n  of t h e  p r o b e s  from 120 rpm t o  30 rpm. 

A t  t h e  same time, t h e  a x i s  o f  t h e  s p i n  i s  a d j u s t e d  

p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  t h e  s u n .  (These  two m o t i o n s  

a re  e f f e c t e d  by a timer.) A t  t h e  second  v i s i b l e  c o n d i t i o n ,  

t h e  s p i n  i s  f u r t h e r  r e d u c e d  t o  6 rpm, and t h e  a x i s  of t h e  s p i n  

t o  a d j u s t e d  p e r p e n d i c u l a r  t o  t h e  p l a n e  of  t h e  e c l i p t i c .  The  

u s e  o f  t h e  a n t e n n a  i s  s t a r t e d .  Four  o r  f i v e  d a y s  a f t e r  t h e  

l a u n c h i n g ,  t h e  o r b i t  of t h e s e  p r o b e s  i s  c o r r e c t e d  a t  t h e  

command of t h e  Usuda s t a t i o n ,  an t h e  p r o b e s  a re  headed  toward  

the comet .  A s  t h e  p r o b e  of PLANET-A t akes  t h e  p h o t o g r a p h  of 

t h e  c o m e t ,  the s p i n  r a t e  i s  r educed  t o  0 . 2  rpm b y  a c t i v a t i n g  

t h e  momentum wheel .  

4 .  U S U D A  L A R G E  SIZE: AN'I'ENNA 

4 . 1  Ground s t a t i o n  f o r  t h e  e x p l o r a t i o n  c f  d e e p  space and 

i t s  d e s i g n  

Ground s t a t i o n  f o r  t h e  e x p l o r a t i o n  o f  d e e p  s p a c e  

must  b e  a b l e  t o  rna in t a in  communicat ion w i t h  a p r o b e  which i s  

e x t r e m e l y  f a r  away f rom t h e  e a r t h .  T h e r e f o r e ,  a l a r g e  s i z e  
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a n t e n n a  must be s t r u c t u r e d  a t  a l o c a t i o n  away from t h e  c i t y  

n o i s e .  ( I )  

The  c o n s t r u c t i o n  o f  t h e  Usuda s t a t i o n  was advanced  

p r a c t i c a l l y  p a r a l l e l  t o  t h e  p r e p a r a t i o n  f o r  t h e  PLANET-A ( a n d  

M S - T S ) .  

d e s i g n  p r o c e s s  o f  Usuda s t a t i o n .  S i n c e  t h e  u s e  o f  S band ( 2 . 1  

- 2 . 3  G H z )  was d e t e r m i n e d  i n  PLANET-A ( "as  w e l l  a s  MS-T5" i s  

h e r e i n a f t e r  o m i t t e d . ) ,  i t  was estimated a t  t h e  e a r l y  s t a g e  o f  

s t r u c t u r i n g  the g r o u n d  s t a t i o n  t h a t  t h e  sys t em n o i s e  

t e m p e r a t u r e  a t  t h i s  f r e q u e n c y  band would  be 50 K ( a n t e n n a  

n o i s e  t e m p e r a t u r e ,  33 K ;  low n o i s e  a m p l i f i e r ,  10 K ;  

m i s c e l l a n e o u s  c i t y  n o i s e ,  7 K )  and  t h e  a n t e n n a  o p e n i n g  

e f f i c i e n c y  would be 7 0  %. 

communica t ion  s y s t e m  was advanced ,  i t  became a p p a r e n t  t h a t  a 

l a r g e  s i z e  a n t e n n a ,  more t h a n  6 4  meters i n  d i a m e t e r ,  was 

r e q u i r e d  a t  t h e  ground s t a t i o n .  

F i g .  3 shows the f l o w  cha r t  o f  t h e  d e s i g n  and  t h e  

A f t e r  t h a t ,  a s  t h e  d e s i g n  o f  t h e  

The o p e r a t i n g  sys t em o f  t h e  ground s t a t i o n  i s  

d i r e c t l y  c o n n e c t e d  t o  t h a t  o f  t h e  p r o b e s .  T h e r e f o r e ,  tne 

deve lopmen t  o f  t h e  systems d e s i g n  o f  tne ground s t a t i o n  was 

advanced  i n  p a r a l l e l  t o  o r  d i r e c t l y  c o n n e c t e d  t o  t h a t  o f  t h e  

p r o b e s .  

4 . 2  S e l e c t i o n  o f  t h e  s i t e  

'The f o l l o w i n g  c o n d i t i o n s  were g i v e n  t o  t n e  s e l e c t i o r i  

p r o c e s s  of  t h e  s i t e  b e f o r e  Usuda-Cho was se lec ted :  (1) 

Lowes t  l e v e l  of  c i t y  n o i s e  and n o  i n t e r f e r e n c e  w i t h  p u b l i c  
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microwave c i r c u i t r y ,  ( 2 )  No power- t r a n s m i s s i o n  l i n e s  i n  t h e  

v i c i n i t y ,  ( 3 )  Away from commerc ia l  a i r  t r a n s p o r t a t i o n  r o u t e s ,  

( 4 )  S t a t e  owned l a n d ,  ( 5 )  Local s u p p o r t  and c o o p e r a t i o n  c a n  be 

o b t a i n e d ,  ( 6 )  E x c e l l e n t  s u r f a c e  t r a n s p o r t a t i o n  necessary f o r  

t h e  c o n s t r u c t i o n  p r o j e c t .  

I t  t o o k  a l m o s t  t w o  y e a r s ,  1980 t o  1982,  f o r  t h e  s i t e  

s e l e c t i o n .  Dur ing  t h i s  p e r i o d ,  a c t u a l  m e a s u r i n g  of c i t y  n o i s e  

by t h e  l e v e l  of n o i s e  and t h e  t y p e  o f  n o i s e  makers ( eg .  

a u t o m o b i l e s ,  arc  w e l d i n g  mach ines ,  DC m o t o r s  ... e t c . )  h a v e  been  

c o m p i l e d  i n  o r d e r  t o  determine t h e  r e q u i r e d  d i s t a n c e  from t h e  

o r i g i n  of  t h e s e  n o i s e s .  On the s u b j e c t  of  t h e  p o s s i b l e  

i n t e r f e rence  by  t h e  p u b l i c  microwave c i r c u i t r y ,  a ss i s tance  was 

o b t a i n e d  from M i n i s t r y  o f  P o s t s  a n d  T e l e c o m m u n i c a t i o n s ,  Nippon 

T e l e p h o n e  and T e l e g r a p h  P u b l i c  C o r p o r a t i o n ,  K D D  a n d  o t h e r s .  

Ass is tance  was a l s o  p r o v i d e d  by F o r e s t r y  Agency,  Nagano 

P re fec tu re  F o r e s t r y  Bureau ,  Usuda Dis t r ic t  F o r e s t r y  Bureau  and 

t h e  c i t y  of  Usuda. 

4 . 3  Design  o f  Usuda l a r g e  s i z e  a n t e n n a  

‘The Usuaa l a r g e  s i z e  a n t e n n a  i s  a Kaseguren:‘: a n t e n n a  

o f  beam f e e d i n g  system. ‘I’he diameter o f  t h e  m a i n  r e f l e c t i v e  

m i r r o r  i s  b4  meters. h’ig. 4 snows t h e  a n t e n n a  ana  i t s  

a t  tachrnents. 

‘ f h e  m a i n  r e f l e c t i v e  m i r r o r  a i m s  t o  a t t a i n  t h e  

a c c u r a c y  o f  2 m m  rms and i s  d e s i g n e d  t o  enable  t h e  u s e  o f  up  

t o  X band .  S i n c e  l a r g e  s i z e  r e f l e c t i v e  m i r r o r s  c a u s e  



d i s t o r t i o n  c a u s e d  by t h e i r  own w e i g h t ,  d e s i g n i n g  t e c h n i q u e  

b a s e d  o n  t h e  homology c o n c e p t ( 2 )  h a s  been i n t r o d u c e d .  I n  

o t h e r  words ,  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  s u r f a c e  of  t h e  

m i r r o r  d e v e l o p s  s t r u c t u r a l  f l u c t u a t i o n  b a s e d  upon a n  a n g l e  of  

e l e v a t i o n  ( E l  a n g l e ) ,  t h e  l i g h t  p a s s a g e  l e n g t h  i s  c o n s t a n t l y  

m a i n t a i n e d  a t  a f i x e d  l e v e l  by c o n t r o l l i n g  t h e  p o s i t i o n  and  

t h e  g r a d i e n t  of t h e  supp lemen ta ry  r e f l e c t i v e  m i r r o r  a c c o r d i n g  

t o  t h e  c h a n g e s  made t o  t h e  E l  a n g l e .  

The beam f e e d i n g  system i s  w i d e l y  a p p l i e d  t o  l a r g e  

s i z e  a n t e n n a s  i n  r e c e n t  y e a r s .  L i g h t  beams a re  t r a n s m i t t e d  

t h r o u g h  t h e  u s e  o f  several r e f l e c t i v e  m i r r o r s ,  and t empora ry  

r a d i a t o r s  o r  low n o i s e  a m p l i f i e r s  and o t h e r  i n s t r u m e n t s  a r e  

e s t a b l i s h e d  on t h e  g round  where t h e r e  i s  no E l  r o t a t i o n .  

Usuda l a r g e  s i z e  a n t e n n a  t a k e s  t h e  beam f e e d i n g  s y s t e m ( 2 )  o f  

t h e  f o u r  r e f l e c t i v e  p a n e l  s t r u c t u r e  (#1 - $4 of  F i g .  4 ) .  #1 

and  $2 are  p l a c e d  on t h e  E l  r o t a t i o n a l  a x i s .  f l  r o t a t e s  a l o n g  

w i t h  t h e  E l  r o t a t i o n  of t h e  m a i n  r e f l e c t i v e  m i r r o r ,  b u t  +2 - 
k4  d o  n o t  r e c e i v e  E l  r o t a t i o n .  I n  F i g .  4 ,  t n e  t empora ry  

r a d i a t o r  i s  p l a c e d  a t  t h e  a r e a  s h o w n  i n  d o t t e d  l i n e s ,  and by 

p l a c i n g  t h e  r e f l e c t i v e  p a n e l  94 f a c i n g  t h e  r a d i a t o r ,  a n  

o r d i n a r y  f o u r  r e f l e c t i v e  pane l  s t r u c t u r e  i s  f o r m e d .  I towever,  

i n  Usuda l a r g e  s i z e  a n t e n n a ,  tne a rea  o f  the d o t t e d  l i n e s  was 

l e f t  a l o n e  a s  t h e  f u t u r e  expans ion  area ( f o r  e x c l u s i v e  

r e c e i v i n g  p u r p o s e  o n l y  f o r  low n o i s e ) ,  and  t h e  r e f l e c t i v e  

p a n e l  55 was a t t a c h e d .  T h e  beam f e e d i n g  s y s t e m  i s  d e s i g n e d  
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f o r  t h e  u s e  of  b o t h  S band ( 2 . 1  - 2 . 3  GHz) and X band ( 7 . 1  - 
8.6  G H z ) .  

The a n t e n n a  makes i t s  r e v o l u t i o n  a s  a whole  toward  

t h e  d i r e c t i o n  of  a n  a z i m u t h  (Az a n g l e ) .  

t h r e e  s t o r y  b u i l d i n g  w i t h  t h e  s i g n  a n t e n n a  and a n t e n n a  

i n s t r u m e n t  room i n  F i g .  4 is  s u p p o r t e d  by  t h e  w h e e l s  

p o s i t i o n e d  a t  t h e  base a rea ,  and t h e  w h e e l s  are p l a c e d  o v e r  

t h e  r a i l .  The master c o l l i m a t o r  shown i n  t h e  f i g u r e  i s  t h e  

d e v i c e  t o  measure  t h e  d i r e c t i o n  o f  t h e  main r e f l e c t i v e  m i r r o r .  

I t  i s  p l a c e d  on t o p  of  t h e  tower (wh ich  d o e s  n o t  engage  i n  Az 

r o t a t i o n )  t h a t  i s  b u i l t  i n d e p e n d e n t  o f  t h e  a n t e n n a  s t r u c t u r e .  

‘The master c o l l i m a t o r  i s  a n  o p t i c a l  a n g l e  d e t e c t i o n  d e v i c e .  

I t  m e a s u r e s  t h e  E l  a n g l e  and A z  a n g l e  b y  a t t a c h i n g  a m i r r o r  a t  

t h e  back of t h e  m a i n  r e f l e c t i v e  m i r r o r .  

I n  o t h e r  words ,  t h e  

The beam w i d t h  of the  a n t e n n a  i s  e x t r e m e l y  na r row 

( a p p r o x i m a t e l y  0 .14  d e g r e e s  a t  2 . 1  Gllz;  0.034 d e g r e e s  a t  8 .5  

G H z ) ,  and  i t s  d r i v i n g  i s  accompl i shed  b y  t h e  programmed 

c o n t r o l .  I n c i d e n t a l l y ,  t h e  a u t o m a t i c  t r a c k i n g  f u n c t i o n  t h a t  

can be u s e d  when t h e  s i g n a l  i s  extremely s t r o n g  i s  a l s o  added .  

‘l’he temporary  r a d i a t o r  i s  a cone  shaped  c o l g a t e  h o r n  

e x c l u s i v e l y  f o r  S band.  T h e  f e e d i n g  d e v i c e  i s  a l s o  f o r  S 

b a n d ,  b u t  i t  can be used f o r  bo th  t r a n s m i t t i n g  and r e c e i v i n g .  

A h i g h  power a m p l i f i e r  (HPA) o f  S band and two low n o i s e  

a m p l i f i e r  (LNA-1 and  LNA-2) a r e  c o n n e c t e d  t o  t h e  f e e d i n g  

d e v i c e .  T h e  HPA i s  c a p a b l e  o f  c o n t i n u o u s l y  t r a n s m i t t i n g  t h e  
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maximum 40 kW. The  L N A - 1  i s  a he l ium gas cooled parametric 

a m p l i f i e r  whose n o i s e  temperature i s  a b o u t  8 K ( a t  2 .5  GHz).  

The f e e d i n g  d e v i c e  h a s  two c o u p l e r s  t ha t  have two modes, TE 01 

and TM 01, and  i t  i s  capable of e x t r a c t i n g  a n g l e  error  s i g n a l  

f o r  a u t o m a t i c  t r a c k i n g .  The a n g l e  error s i g n a l  i s  a m p l i f i e d  

by t h e  LNA-2 (FET a m p l i f i e r ,  n o i s e  t e m p e r a t u r e  8 0  K ) .  

A l t h o u g h  X band i s  n o t  i n  u s e  i n  t h e  PLANET-A p r o j e c t ,  the  

par ts  below the  c o l g a t e  h o r n  can be changed  i f  t r a n s m i s s i o n  

v i a  X band becomes n e c e s s a r y  i n  h e  f u t u r e .  

The c e n t r a l  p o s i t i o n  o f  t h e  a n t e n n a  ( t h e  p o i n t  where  

t h e  E l  a x i s  and t h e  Az a x i s  cross o v e r )  i s  36 d e g r e e s  07 '  45" 

310 N o r t h ,  138 degrees  2 1 '  57" 1 9 2  Eas t  and  a l t i t u d e  1 , 4 8 9 . 6 0  

rn. 

5. Fu'ruiiE PLANS 

E x p l o r a t i o n  o f  H a l l e y ' s  c o m e t  o p e n s  u p  t h e  new r o u t e  of 

t h e  space s c i e n c e  r e s e a r c h  u s i n g  s a t e l l i t e  i n  t h i s  c o u n t r y .  

The  Cialley m i s s i o n  h a s  e n a b l e d  u s  t o  d i s c u s s  and a r g u e  a s  t h e  

p r a c t i c a l  mat ters  a b o u t  t h e  f u t u r e  s p a c e  m i s s i o n  aimed rna in ly  

a t  moon and p l a n e t s  w i t n i n  t n e  s o l a r  s y s t e r i i .  F o r  e x a m p l e ,  t h e  

S p a c e  S c i e n c e  Kesearch C e n t e r  nas p roposed  t h e  unmanned moon 

s w i n g  by p r o j e c t  a s  a p a r t  of t ne  f u t u r e  space e x p l o r a t i o n  

p r o  J ects  . 
The  Usuda l a r g e  s i z e  an tenna  w i l l  p l a y  an  i m p o r t a n t  r o l e  

i n  t h e  f u t u r e  s p a c e  missions. b u t  t n e  u s e  of  the l a r g e  s i z e  



a n t e n n a  does n o t  s t o p  h e r e .  As the  volume o f  d a t a  

t r a n s m i s s i o n  i n c r e a s e s  between s c i e n t i f i c  s a t e l l i t e s  and 

g round  s t a t i o n s ,  communica t ion  s y s t e m  f o r  s a t e l l i t e s  w i t h  

extreme e l l i p t i c a l  o r b i t  which r e q u i r e s  l a r g e  s i z e  a n t e n n a s  a s  

p r e r e q u i s i t e  i s  b e i n g  d i s c u s s e d .  

Not many l a r g e  s i z e  a n t e n n a s  i n  t h e  w o r l d  measu re  a s  much 

a s  6 4  meters i n  diameter. T h e r e f o r e ,  t h e  one  i n  Usuda s t a t i o n  

c a n  be e f f e c t i v e l y  u s e d  f o r  r a d i o  a s t r o n o m y ,  o b s e r v a t i o n  and  

r e s e a r c h  o f  r a d i o  s c i e n c e  and  re la ted  f i e l d s .  P a r t i c u l a r l y ,  

t h e  s t r u c t u r e  o f  t h e  V L B ( 4 )  (Very Long B a s e l i n e )  n e t w o r k  w i t h  

o t h e r  a n t e n n a s  i n  t h e  w o r l d  w i l l  become e x t r e m e l y  m e a n i n g f u l .  

l n t e r n a t i o n a l  a t t e n t i o n  i s  b e i n g  pa id  t o  t h e  Usuda l a r g e  

s i z e  a n t e n n a .  For  e x a m p l e ,  NASA h a s  i n d i c a t e d  some i n t e r e s t  

i n  t h e  f u t u r e  assistance i n  t r a c k i n g  and  communica t ing  w i t h  

i t s  s a t e l l i t e s .  An o f f i c i a l  r e q u e s t  h a s  been  r e c e i v e d  

c o n c e r n i n g  t h e  I C E  s u p p o r t .  

6 .  CONCLUSION 

A p r o j e c t  c a l l e d  PLANET-A i s  p r e s e n t l y  b e i n g  advanced  b y  

t h e  S p a c e  S c i e n c e  R e s e a r c h  C e n t e r  o f  Japan i n  o r d e r  t o  e x p l o r e  

t t a l l e y ' s  comet. In  t h i s  essay, t h e  g e n e r a l  o u t l i n e  of t n e  

PLANE1'-A p r o j e c t  a s  w e l l  a s  the  l a r g e  s i z e  a n t e n n a  w h i c n  i s  

b e i n g  c o n s t r u c t e d  a t  Usuda-Cho, Nagano p r e f e c t u r e  f o r  t n e  

p u r p o s e  o f  s u p p o r t i n g  t h e  PLANET-A p r o j e c t  a r e  i n t r o a u c e d .  

I n  v i ew o f  t h e  l a u n c h i n g  o f  t h e  p r o b e  n e x t  y e a r ,  t h e  
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S p a c e  S c i e n c e  R e s e a r c h  C e n t e r  o f  J a p a n  i s  p r e s e n t l y  

c o n c e n t r a t i n g  i t s  e f f o r t  t o  p r e p a r e  f o r  the p r o j e c t .  The  

c o n s t r u c t i o n  o f  t h e  Usuda l a r g e  s i z e  a n t e n n a  i s  showing a 

s t e a d y  p r o g r e s s ,  a n d  i t  i s  e x p e c t e d  t o  be comple t ed  n o t  l a t e r  

. t h a n  October 31 t h i s  y e a r .  The a u t h o r  wishes  t o  express the  

d e e p e s t  apprec ia t ion  f o r  tremendous c o o p e r a t i o n  and s u p p o r t  

p r o v i d e d  b y  a g e n c i e s  c o n c e r n e d  a s  w e l l  as  p r i v a t e  c i t i z e n s .  

I n  c l o s i n g  t h i s  e s s a y ,  the a u t h o r  wishes  c o n t i n u e d  s u p p o r t  and 

a s s i s t a n c e  p r o v i d e d  b y  a g e n c i e s  c o n c e r n e d  a s  w e l l  as p r i v a t e  

c i t i z e n s .  
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F i g .  1 The o r b i t  o f  PLANET-A and MS-T5 

Tab.  2 P r imary  s t r u c t u r a l  e l e m e n t  o f  PLANET-A a n d  MS-T5 

E lec t r i c  sys tem:  

s o l a r  b a t t e r y  - S i  USF t y p e  70 - 100 W 

Secondary  b a t t e r y  - Ni-Cd, 2 AH x 15 

I g n i t i o n  e l e c t r i c  source - C a p a c i t y  r e c h a r g e  s y s t e m  

Communicat ion s y s t e m  ( K F ) :  

Low g a i n  a n t e n n a  - C r o s s  dye p o l e  

Med. g a i n  a n t e n n a  - 3 elem l i n e a r  a l l e y  

Hign p a i n  a n t e n n a  - o f f  s e t  p a r a b .  

b i s b a n .  motor  - L)C two phase  

Telemetry transmitter - S b a n d ,  7LmW/5\j,PCM/t-'SK/P~1 

Cornmano r e c e i v e r  - S band,  PCM/PSK/PM 

D i s t a n c e  d e v i c e  - S band hAKK 

C onim un i ca t i o  n s y P t e rn ( L, a t a ) : 

Data management u n i t  - coded PCM, 64bPS 



Command d e c o d e r  - s e p a r a t e ,  p r o g r a m a b l e ,  b l o c k  

Data r e c o r d e r  - m a g n e t i c  p u l s e ,  1 Mb 

I n t e r i o r  e n v i r o n m e n t a l  d e t e c t i o n  - 64 items, 1/32s ,  

1 / 1 0 2 4 s  

T i m e r s  - e l e c t r o n i c ,  i g n i t i o n ,  t e r m i n a t i o n ,  s w i t c h i n g  

c h a n n e l  

C o n t r o l  s y s t e m :  

momentum w h e e l  - 2,000 rpm, 2 0  N m s  

Wheel d r i v e  d e v i c e  - DC motor 

C o n t r o l  c i r c u i t  - T h r u s t e r ,  w h e e l  c o n t r o l ,  a t t i t u d e  

d a t a  management 

S o l a r  s e n s o r  - v iew f i e l d :  t h e  p l a n e  of e c l i p t i c ,  

+ -  b5 d e g . ,  g r a y  c o d e  

S t a r  s c a n n e r  - V-shaped S i  p h o t o d i o d e  

N e w  t e n s i o n  damper - S i l i c o n  o i l  s e a l e d  r i n g  

P r o p u l s i o n  s y s t e m  - A t t i t u d e  c o n t r o l ,  o r b i t a i  c o n t r o l  

P r o p e l l a n t  - H y d r a z i n e  

S t r u c t u r a l  t h e r m a l  c o n t r o l :  

S t r u c t u r e  - CFAP 

'I'herrnal *;; - b i m e t a l  

'Thermal b l a n k e t  - A 1  e v a p o r a t i o n  

O b s e r v a t i o n  s y s t e m  (PIS-1'5): 

Plasma wave o b s e r v a t i o n  d e v i c e  - E x p a n d a b l e ,  10  m a n t e n n a  

2,  

7 0  H Z  t o  2UU ktiz e l e c t r i c  f i e l d  



search c o i l ,  70 Hz t o  4 kHz, mag. 

f i e l d  

I n t e r  p l a n e t  s p a c e  magne t i c  f i e l d  o b s e r v a t i o n  d e v i c e  - 
Ring 

c o r e  type  f l u x  g a t e  m a g n e t i c  g a g e  

O b s e r v a t i o n  s y s t e m  (PLANET-A): 

Liman a l p h a  p h o t o g r a p h i n g  d e v i c e  - U V  image i n t e n s i f i e r  

CCD 

S p i n  synchronous  s h i f t  i n t e g r a t i n g  
..+ 4 

system 

S o l a r  wind o b s e r v a t i o n  d e v i c e  - E l e c t r o n  . i o n  3 L)' s p e e d  

d i s t r .  

30 eV t o  1 6  K e V  

P h o t o  1 P r o b e  MS-T5 - 

1 BfEtll L S T 5  

F i g .  2 MS-'f5 / PLANET-A t r a c k i n g  n e t w o r k  
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l i s t :  

1. p r o b e  2 .  S band command, S band d i s t a n c e  3 .  S band 

te lemetry,  S band d i s t a n c e  4 .  S band beacon 5 .  S band 

t e l e m e t r y ,  S band K A K R  6 .  S band cornr~and, S band R A K K  7 .  S 

band d i s t a n c e  8 .  Davis base Network ( p o s s e s s e d  by U S ,  N A S A )  

9 .  t o  S p a c e  S c i e n c e  Resea rch  Center  v i a  'Telex 10 .  Kagoshima 

S p a c e  O b s e r v a t i o n  C e n t e r  11. K a t s u u r a  T r a c k i n g  S t a t i o n  1 2 .  

b s u d a  S p a c e  O b s e r v a t i o n  S t a t i o n  13 .  c t i s t a n c c  d a t a ,  I1K d a t a  

1 4 .  a n g l e  u a t a  f o r  s l a v e  15. t r a c k i n g  d a t a ,  o b s e r v a t i o n  

d a t a ,  d i s t a n c e  d a t a ,  t ld d a t a ,  s t a t u s  o f  t h e  s t a t i o n  1 6 .  

o r b i t a l  f o r e c a s t  d a t a ,  o p e r a t i o n a l  p l a n ,  a n t e n n a  s l a v e  d a t a  

l i .  S p a c e  S c i e n c e  d e s e a r c n  C e n t e r  (dornaba) 1 6 .  u r b i t a l  

f o r e c a s t  c a t a ,  aritenna s l a v e  a a t a  

Note 1 .  ' i n i c k  l i n e s  i n d i c a t e s  t n e  d u r a t i o n  o f  t h e  e n t i r e  

m i s s i o n ;  t h i i l  Lines i n d i c a t e  o n i y  a u r i n g  the e a r l y  s t a g e  o f  

tile l a u n c h i n g .  S t a t i o n s  marked by ;': a r e  u s e d  o n l y  a t  t h e  

e a r l y  s t a g e  of  t h e  l a u n c h i n g .  

Note L .  - - - i i na i ca t e s  t n e  c i r c u i t  o f  J a p a n  I 'elephorie and 



T e l e g r a p h  Agency. 

Note  3 .  KAKK i n d i c a t e s  t h e  measurement  o f  t h e  d i s t a n c e  and 

t h e  d i s t a n c e  change  r a t i o n .  

Note  4 .  H K  i n d i c a t e s  house  keeping .  

F i g .  3 D e s i g n i n g  p r o c e s s  of t he  g round  s t a t i o n  

Key l i s t :  

1. e x a m i n a t i o n  o f  t h e  s i t e  2 .  d e t e r m i n a t i o n  o f  t h e  s i t e  

3 .  d e s i g n  of t h e  p r o b e  4 .  d e s i g n  of  communica t ion  c i r c u i t r y  

5. d e s i g n  o f  ground s t a t i o n  systern b.  d e t a i l e d  d e s i g n  7 .  

p r o d u c t i o n ,  i n s t a l l a t i o n  a t  t h e  s i t e ,  t e s t i n g  8 .  s u i t a b i l i t y  

t es t  and  o t h e r  o p e r a t i o n a l  tes ts  9 .  f l i g h t  o f  t h e  p r o b e  

10. d e s i g n  o f  t h e  p r o b e  o p e r a t i n g  s y s t e m  11. d e s i g n  of t h e  

s t a t i o n  o p e r a t i n g  s y s t e m  1 2 .  p r o d u c t i o n  o f  the o p e r a t i o n a l  

c o n t r o l  system 
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F i g .  4 S t r u c t u r e  of  t h e  a n t e n n a  

64m 

c: 1 -,=-+-o#E 
Key l i s t :  

1. t h e  supp lemen ta ry  r e f l e c t i v e  m i r r o r  2 .  a s u p p o r t  beam 

3 .  t h e  main r e f l e c t i v e  mi r ro r  4 .  r e f l e c t i v e  p a n e l ( s )  5 .  

c o i g a t e  h o r n  b.  a p o s s i b l e  a r e a  t o  s e t  t h e  temporary  

r a a i a t o r  ( f o r  t h e  f u t u r e )  7 .  'TE 01 mode c o u p l e r  8 .  TE1 01 

rnode c o u p l e r  9 .  w h e e l s  and A z  d r i v e  p a r t  10. a r a i l  11. 

E L  a x i s  1 2 .  a master c o l l i m a t o r  13 .  an a n t e n n a  i n s t r u m e n t  

rooiil 1 4 .  g r o u n d  

2 2  


